The study aims to identify common oral cancer biomarkers from saliva using near-infrared spectroscopy (NIRS). Measurements were conducted for L-proline and L-fucose in liquid solution, for pure proline and fucose, and for saliva sample of an oral cancer patient. Derivative peaks of NIR absorbance spectra were used to identify the biomarkers. Savitzky-Golay algorithm was used on MATLAB® to compute absorbance spectra and its derivatives from the raw data.
Introduction

Near-Infrared Spectroscopy
Infrared spectroscopy (IRS) is a non-ionizing optical imaging method that measures transitions in vibrational levels through the IR-absorption [1] . IR-light can be divided into three regions: near-IR (700 nm-2500 nm), mid-IR (2500 nm-50 000 nm) and far-IR (>50 000 nm). Far-IR (FIR) absorbs fully into all tissues. Mid-IR (MIR) is fully absorbed when samples are thicker than 10-15 μm, which makes MIR useful for skin analysis [2] . Near-IR (NIR) scatters in the tissue more extensively than it absorbs making tissues transparent to NIR [3] . For this reason, NIR-spectroscopy (NIRS) can analyze larger tissue volumes and conduct in vivo studies. NIR radiation penetrates deep into the organic tissues. NIR spectra quantifies proteins, carbohydrates, water, fats, and other organic and biological substances 4. NIR light is divided into short and long NIR wavelengths, 680-1000 nm and 1100-2500 nm, respectively. Hemoproteins and cytochromes dominate the short wavelength NIR absorption spectra. Overtones and combination bands of molecular vibrations of C-H, N-H and O-H groups absorb long NIR wavelengths [4, 5] . In biomedical applications, NIRS gathers information about tissue compositions, and characterizes materials. [6] [7] [8] 
Study of Oral Mucosa and Saliva
NIRS can be used as a non-invasive intra-oral imaging technique [9] . A NIR probe is in contact with the oral mucosa while measuring the spectrum. The measurements are conducted on several sites completely covering the diseased area and the healthy control area.
In vivo studies of oral cavity need to take account on saliva. Saliva has high water content and water has a strong NIR absorption around 1450 nm and 1940 nm. The use of saliva instead of blood or serum in diagnosing various conditions such as cancers, diabetes, oral leukoplakia or Sjögren's syndrome is the subject of an ongoing study. Saliva contains locally expressed proteins and substances, such as DNA, RNA, mucins, amino acids, enzymes, and primary metabolites, called biomarkers. The concentration of proteins and substances in saliva change when diseases appear. Saliva has a less complex and a less variable composition than blood or serum [10, 11] , and it can provide a more objective reflection of the physiological state of the body than blood or serum. Oral cancer cells shed into saliva already in the early stage of cancer, and oral epithelial cells shed constantly into the saliva. Collecting saliva samples is easier (it can be done at home and the sample is brought to the clinic), less expensive, feels less uncomfortable for the patients and is safer (excludes the risk of needle stick) than collecting blood samples or biopsies.
Materials and Methods
NIRS Sample Preparation and Measurements
NIR spectra of common oral cancer biomarkers L-fucose (L-(-)-Fucose -≥ 99 %, Sigma Aldrich) and L-proline (L-Proline-ReagentPlus* ≥ 99 %, Sigma Aldrich) diluted into water and saliva sample of an oral cancer patient were studied. Both substances have a solubility of 50 mg/ml (H2O). Solutions with concentrations of 1:1, 1:10, 1:100, and 1:1000 were prepared as follows: a mass equivalent to the solubility of the substance was weighted and then mixed with 1 ml of Milliporewater (18.2 MΩ). From this 1:1-solution 100 µl was taken and mixed with 900 µl of water resulting in 1:10-solution from where 100 µl was taken and mixed with 900 µl of water to get 1:100solution. The 1:1000 was made by taking 100 µl of 1:100-solution that was mixed with 900 µl of water. These substances were chosen as previous saliva studies with NMR -analysis have shown that L-fucose and L-proline are found from the saliva of oral cancer patients. The aim of the study was to find wavelength regions that best discriminate solutions with different concentrations from each other and from pure water and could then be used to identify oral cancer biomarkers from saliva. Reference samples were prepared by pressing pure powder (L-fucose and L-proline) into 3 mm thick tablets. The setup used in this study consists of two spectrometers (AvaSpec-ULS2048L and AvaSpec-NIR256-2.5-HSC, Avantes BV, Apeldoorn, The Netherlands), a light source (AvaLight-HAL-(S)-Mini, Avantes BV) and a customized arthroscopic optical fiber probe.
Results
The absorbance spectra were calculated from the raw data using Beer-Lambert law
(1) where A is absorbance, S is sample, D dark reference and W is white reference. The absorbance from the average of 6 measurements was calculated for each sample. Savitzky-Golay algorithm was used to smooth the data and to calculate the 1st and 2nd derivative for each spectrum.
The peaks of the 1st derivative show the wavelength areas where the changes, absorption, in the spectrum appear. The 2nd derivative shows smaller peaks that are possible undetectable from the 1st derivative. MATLAB® (MATLAB R2017a, The MathWorks, Natick, 2017) was used for all the computing. An example of the code is given below. The spectra of fucose, proline and saliva (Fig. 1) were dominated by the strong absorption of water. Spectra of pure fucose and proline samples showed the absorption bands characteristic to those substances. The spectra of the pure samples were compared with the spectra of the solutions and the saliva. Comparison showed that even the 2nd derivative of the liquid samples fails to show enough similarities between the spectra. Water absorbance overlaps the absorbance peaks of proline and fucose in the water solutions. In the liquid samples, some peaks were not assigned to water, but those peaks could not be assigned to fucose or proline either. 
Summary
NIRS measurements were conducted to discriminate different concentrations (1:1, 1:10, 1:100 and 1:1000) of oral cancer biomarkers in water solutions and in saliva. Absorbance spectra of samples and filtering of the raw data were calculated using MATLAB®. Results show that the water absorption in both water solutions and saliva is overlapping the absorbance of biomarkers making it impossible to tell difference between the different concentrations.
